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Single hadron response measurements in minimum bias proton–proton collisions at a center of mass
energy of
ﬃﬃ
s
p ¼ 7 TeV are presented. Together with test-beam results, these measurements form the
basis to evaluate the calorimeter response uncertainty for jets at high transverse momenta. A novel
technique to evaluate the jet response uncertainty from the single particle response is presented. The
agreement between data and Monte Carlo simulation is found to be at the level of a few percent.
Finally, it is discussed how the jet calorimeter response uncertainty and its correlation between
transverse momentum bins is determined from these measurements.
& 2012 CERN. Published by Elsevier B.V. Open access under CC BY-NC-ND license.1. Introduction
The ATLAS detector at LHC covers almost the whole solid angle
around the collision point with an inner detector (ID), a calori-
meter and a muon spectrometer [1].
Many physics analyses have the jet energy scale (JES) uncer-
tainty as one of the main systematic uncertainties. In ATLAS, the
uncertainty on the calorimeter response to jets is derived from
the response to single isolated hadrons.2. E/p measurement
The calorimeter response to single isolated hadrons can be tested
by comparing the calorimeter energy measurement (E) of isolated
hadrons to the precise measurement of the track momentum (p).
The hadron track is considered isolated if no other track is
found in a DR¼ 0:4 cone around it. All isolated tracks need to pass
good quality criteria to be selected for analysis.
The E/p distribution for one Z, p bin is presented in Fig. 1,
where the average is then taken to be the /E=pSRAW value.
Neutral particles leave no track in the ID but their energy is
collected in the calorimeter. This background is estimated using
late-hadron showers that leave low energy in the EM calorimeter
and deposit most of their energy in the hadronic calorimeter. The
E/pis calculated using only the energy in the EM calorimeter4, 1 Andar 1000-149 Lisbon,
on.
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Open access under and the average is calculated: /E=pSBG. Finally, this value is
then subtracted from /E=pSRAW obtaining the corrected energy
/E=pSCorr .
In Fig. 2, the /E=pSCorr value for
ﬃﬃ
s
p ¼ 7 TeV data from mini-
mum bias events [3] is compared to a QGPS_BERT Geant4 physics
model [5], for the central Z bin.
Data and MC agree in the 1opo10 GeV region by 2% and in
the 10opo30 GeV region by 5%.3. Jet calorimeter energy scale uncertainty
Extrapolation from single hadron response to a jet environ-
ment requires the understanding of the response to different
hadrons and to non-isolated hadrons. For the ﬁrst response study,
p mesons are identiﬁed from KS and L decays. For the second
response study, isolation is required in KS and L but not on their
decays. This study concluded that there is an agreement between
data and MC for charged pions and protons within the uncertain-
ties and for anti-protons there is a data/MC disagreement up to
10%. Detailed results can be found in Ref. [2].
The JES uncertainty was evaluated using the single hadron
response measurements made in situ and in test-beam. The
results are summarized in Fig. 3. A shift smaller than 0.5% and a
value for the calorimeter energy response uncertainty smaller
than 2% is expected.4. Jet energy scale uncertainty correlations
A direct extraction of the correlation between different jet
momenta, pseudorapidities and jet algorithms can be accessedicense.
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Fig. 1. RAW E/p distribution for one Z, p bin.
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Fig. 2. Background corrected E/p result for one Z bin as a function of the hadron’s
momenta.
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Fig. 3. Jet energy scale expected shift and energy response uncertainty as a
function of the jet transverse momenta.
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Fig. 4. Correlation between PT -bins of the total systematic uncertainty on the
inclusive jet cross-section measurement for anti-kT jets with R¼0.6.
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Fig. 5. Expected shift and uncertainty between b-tagged jets in tt events and jet in
inclusive di-jet events.
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shows that separated bins still have about 30% correlation caused
by the calorimeter energy scale and neutral hadron uncertainty,
which contributes equally to all jets.If a relative calorimeter response study is performed, all
common shifts and uncertainties will cancel out. In Ref. [2], three
different studies were done: comparing two different anti-kT
jet algorithm (R¼0.4 and R¼0.6) and comparing jets in inclusive
di-jet events to b-tagged jets in tt events and to quark-enhanced
jets in gþ jets events. No difference for the ﬁrst two tests and
about 0.5% for the third (see Fig. 5).5. Conclusions
The data/MC agreement in E/p was found to be better than 2%
(5%) for particles in the 1–10 GeV (10–30 GeV) momentum
window. The calorimeter response uncertainty to jets is 1–3% in
9Z9o0:8 in the 0.15–2.5 TeV momentum window.Acknowledgments
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